The ba sic ne ces sity of the liv ing or gan ism is wa ter. About 97% of the wa ter avail able on the earth's sur face is salty and 2% of the wa ter is in the form of ice caps in the po lar re gion. The life on earth is us ing only 1% of the wa ter. The de mand of fresh wa ter is in creas ing day by day. In the next 20 years, the wa ter de mand will ex ceed the sup ply by 40%. Hence, to meet the in creas ing de mand of fresh wa ter, there is a need to con vert the salty sea wa ter into po ta ble wa ter and serve to the man kind. There are sev eral meth ods to con vert the im pure wa ter to pure wa ter. One such method is the so lar de sa li na tion with the use of so lar stills. A so lar still is a de vice used to con vert the brack ish wa ter to pure wa ter. The main draw back of the so lar stills is its low produc tiv ity. It can pro duce only 2.5 to 5 L/m 2 per day.
In tro duc tion
The ba sic ne ces sity of the liv ing or gan ism is wa ter. About 97% of the wa ter avail able on the earth's sur face is salty and 2% of the wa ter is in the form of ice caps in the po lar re gion. The life on earth is us ing only 1% of the wa ter. The de mand of fresh wa ter is in creas ing day by day. In the next 20 years, the wa ter de mand will ex ceed the sup ply by 40%. Hence, to meet the in creas ing de mand of fresh wa ter, there is a need to con vert the salty sea wa ter into po ta ble wa ter and serve to the man kind. There are sev eral meth ods to con vert the im pure wa ter to pure wa ter. One such method is the so lar de sa li na tion with the use of so lar stills. A so lar still is a de vice used to con vert the brack ish wa ter to pure wa ter. The main draw back of the so lar stills is its low produc tiv ity. It can pro duce only 2.5 to 5 L/m 2 per day.
Sev eral re searches have been made to im prove the pro duc tiv ity of the so lar stills. El-Sebaii et al. [1] used a baf fle sus pended ab sorber plate in a so lar still and ob served an 18.5-20% in crease in the pro duc tiv ity. Naim et al. [2] used char coal par ti cle in a still and found 15% en hance ment in pro duc tiv ity. Zeinab and Ashraf [3] used a pack age layer of glass ball to help the heat ing op er a tion of sa line wa ter dur ing day time and af ter sun set to in crease the po ta ble wa ter pro duc tiv ity by 5-7.5%. Naim et al. [4] used phase change ma te ri als such as emul sion of par af fin wax, par af fin oil, and wa ter mix ture and achieved 36.2% still ef fi ciency. Nafey et al. [5] used black rub ber and gravel in the still and the pro duc tiv ity was im proved by 20% from 10 mm thick black rub ber and in creased by 19% from 20-30 mm gravel. Akash et al. [6] used black rubber mat, black ink, and black dye and the pro duc tiv ity in creased by 38%, 45%, and 60% by the use of a black rub ber mat, black ink, and black dye, re spec tively. Sakthivel et al. [7] used Jute cloth in the still and the pro duc tiv ity was in creased by 20% more than the con ven tional still. El-Sebaii et al. [8] used sand as a sen si ble heat stor age me dium and with the ad di tion of 10 kg of sand, the daily pro duc tiv ity and ef fi ciency gets in creased to 4.005 kg/m 2 per day and 37.8%. Abdallah et al. [9] used ab sorb ing ma te ri als such as coated me tal lic wiry sponges, un coat ed metal lic wiry sponges and vol ca nic rocks and the pro duc tiv ity in creased by 28%, 43%, and 60%, re spec tively, than the con ven tional still. Murugavel et al. [10] used dif fer ent wick ma te ri als and fins and found that the alu mi num rect an gu lar fin cov ered with cot ton cloth and ar ranged in length wise di rec tion was more ef fec tive. Janarthanan et al. [11] used float ing cum tilted wick so lar stills and the ef fi ciency of the closed-cy cle sys tem was max i mum at low flow rate of wa ter. Abdallah and Badran [12] cou pled a Sun track ing sys tem with a so lar still and the pro duc tiv ity was im proved by 22%. Badran [13] used as phalt liner and sprin kler in a still and ob served a 29% in crease in the out put by the as phalt liner and 22% im prove ment by the use of sprin klers. Hilal et al. [14] con ducted ex per i ments in a sin gle ef fect and dou ble ef fect so lar still and the pro ductiv ity was 4.15 kg/m 2 per day and 6.1 kg/m 2 per day for sin gle ef fect so lar still, and dou ble ef fect so lar still, re spec tively. Omara et al. [15] per formed ex per i ments in a stepped so lar still with trays (5 mm depth ´ 120 mm width) and the pro duc tiv ity was 7.5% higher than the con ven tional still.
In the pres ent in ves ti ga tions, ex per i ments are con ducted in four sin gle basin so lar stills (SBSS) with equal di men sions. Wick ma te ri als such as cot ton cloth, jute cloth and sponges were fixed on the in ner walls of the ba sin. The pro duc tiv ity of the stills with wicks and the stills with wicks and peb bles were com pared with the con ven tional still.
Ex per i men tal set-up
Four SBSS are fab ri cated with 1.2 mm thick mild steel plate. The sizes of the ba sin are 0.5 m ´ 0.5 m ´ 0.15 m. Or di nary win dow glass of thick ness 3 mm is used as trans par ent cov ers. The cov ers are in clined at an op ti mum an gle of 25 ° with the hor i zon tal. Thermocole of 5 mm thick ness is used as in su la tion.
The ex per i ments are con ducted with three dif fer ent wick ma te ri als such as cot ton cloth, jute cloth, and sponges. The wicks are painted black to max i mize the ab sorp tivi ty. The pro duc tiv ity of the three stills with wick is com pared with the con ven tional still. The wicks are fixed on all the in ner walls of the still ba sin. Also, the ex per i ments are con ducted with wicks and peb bles in the ba sin. The di am e ter of the peb bles used ranges from 20-30 mm. The mass of the peb bles used is 1 kg for all ex per i ments. Col lec tion troughs are pro vided at the bot tom to col lect the dis til late. Pro vi sions are made to sup ply the sa line wa ter, drain the ba sin wa ter and in sert thermocouples. Fig ure 1(a) shows the pho to graphic view of the fab ri cated ex per i men tal set-up of a SBSS with jute cloth and fig. 1(b) shows the pho to graphic view of the wicks and peb bles used in the still.
The ex per i ments are con ducted si mul ta neously in four dif fer ent stills for the same basin con di tion at the Uni ver sity V. O. C. Col lege of En gi neer ing, Thoothukudi ( 8 0 48 I N and 78 0  07 I E), Tamil Nadu, In dia, for three days July 21-23, 2014 with wicks in the ba sin. Also, the exper i ments are con ducted for three days July 24-26, 2014 with wicks and peb bles in the ba sin. The read ings were taken from morn ing 6 a. m. to the next day morn ing 6 a. m. for ev ery one hour in ter val. So lar power me ter, dig i tal an e mom e ter and mer cury ther mom e ter were used to mea -sure the in ci dent ra di a tion, wind ve loc ity and am bi ent tem per a ture, re spec tively. The K-type thermocouples with multi chan nel dig i tal display unit were used to mea sure the tem per a tures of lower glass cover sur face, sa line wa ter, and ab sorber plate.
The o ret i cal sim u la tion
Since the me te o ro log i cal ranges are al most the same as in pre vi ous work done by Velmurugan et al. [16] , same cor re la tion and con stants are taken for this work also.
The en ergy bal ance equa tion for the absorber plate, sa line wa ter, and glass of the so lar still can be writ ten: En ergy re ceived by the basin plate is equal to the sum ma tion of the en ergy gained by the ba sin plate, en ergy lost by convec tive heat trans fer be tween ba sin, and wa ter and side losses.
The ab sorp tivi ty of the still a b is taken as 0.95. The con vec tive heat trans fer be tween basin and wa ter was taken:
The con vec tive heat trans fer co ef fi cient between ba sin and wa ter was taken as 135 W/m 2 K.
The heat loss from ba sin to am bi ent is taken as:
where U b is taken as 14 W/m 2 K. The en ergy bal ance for the sa line wa ter is: En ergy re ceived by the sa line wa ter in the still (from Sun and base) is equal to the sum mation of en ergy lost by con vec tive heat trans fer be tween wa ter and glass, ra di a tive heat trans fer be tween wa ter and glass, evap o ra tive heat trans fer be tween wa ter and glass and en ergy gained by the sa line wa ter. 
The mass of wa ter, m w , in the still is taken as 4 kg, 5 kg, and 6 kg for the first, sec ond and third it er a tion, re spec tively. The ab sorp tivi ty of the wa ter, a w , is taken as 0.05.The con vective heat trans fer be tween wa ter and glass: 
The ra di a tive heat trans fer be tween wa ter and glass is:
The ra di a tive heat trans fer co ef fi cient be tween wa ter and glass is: 
The ef fec tive sky tem per a ture:
En ergy gained by the glass cover (from Sun and con vec tive, ra di a tive and evap o ra tive heat trans fer from wa ter to glass) is equal to the sum ma tion of en ergy lost by ra di a tive heat transfer be tween glass and sky and en ergy gained by glass: 
The evap o ra tive heat trans fer be tween wa ter and glass is:
The evap o ra tive heat trans fer co ef fi cient be tween wa ter and glass is: The ra di a tive heat trans fer be tween glass and sky is:
The ra di a tive heat trans fer co ef fi cient be tween glass and sky is: 
Ini tially, the time in ter val is as sumed as 5 second and wa ter tem per a ture, glass tem pera ture, and plate tem per a ture are taken as am bi ent tem per a ture. The change in ba sin tem per a ture, dT b , in crease in sa line wa ter tem per a ture, dT w , and glass tem per a ture, dT g , are com puted by solv ing eqs. (1), (4), and (11), re spec tively. For eval u at ing, the pre vi ous men tioned tem per atures in the sim u la tion, the ex per i men tally mea sured val ues of so lar ra di a tion and am bi ent temper a ture of the cor re spond ing day and hour are used.
The to tal con den sa tion rate is: 
For the next time step, the pa ram e ter is re de fined:
The it er a tion is con tin ued for 24 hours du ra tion from 6 a. m. to 6 p. m. us ing the ac tual metrological and op er a tional data.
Re sults and dis cus sions

Com par i son be tween ex per i men tal and the o ret i cal re sults
The vari a tion in pro duc tiv ity for still with wicks and with wicks and peb bles is shown in figs. 2(a) and 2(b), re spec tively. The com par i son be tween the ex per i men tal and the o ret i cal val ues is shown in figs. 3(a) and 3(b) , re spec tively. The ex per i men tal re sults were iden ti cal to that of the the o ret i cal val ues. The max i mum de vi a tion be tween the ex per i men tal and the o ret i cal re sults was 8.8%. The pro duc tiv ity of the still with wicks and peb bles is higher than that of the still with wicks. 
Ef fect of dif fer ent mass of wa ter
The vari a tion of the dif fer ent mass of wa ter (4 kg, 5 kg, and 6 kg) in the ba sin is discussed in this sec tion . Fig ure 4 shows the vari a tion of pro duc tiv ity in dif fer ent mass of wa ter. Still with a min i mum mass of wa ter has higher pro duc tiv ity and for the same mass of wa ter the pro ductiv ity of still with wicks and peb bles is higher than that of the pro duc tiv ity of still with wicks.
Ef fect of us ing wicks and peb bles
Cot ton has a high ab sor bency rate than the jute cloth and sponges. Hence, the pro ductiv ity of the still with cot ton cloth has higher pro duc tiv ity com pared to stills with jute cloth and sponges. The sen si ble heat stor age of peb bles is very high and hence the evap o ra tion rate is increased. The in crease in the evap o ra tion rate leads to in crease in the pro duc tiv ity. Thus, the produc tiv ity of stills with wicks and peb bles is higher than that of stills with wicks. The pro duc tivity of still with black cot ton cloth and peb bles is also higher than that of the con ven tional still.
Con clu sions
Four SBSS have been fab ri cated and their per for mances were com pared to var i ous basin con di tions. The fol low ing con clu sions are drawn: · Pro vid ing dif fer ent wicks in the in ner sides of the ba sin in creases the pro duc tiv ity. · The pro duc tiv ity of the still with cot ton cloth, jute cloth, and sponges are 38.56%, 31.37%, and 24.50%, re spec tively, more than the con ven tional still. · The pro duc tiv ity of the still with cot ton cloth with peb bles, jute cloth with peb bles, and sponge with peb bles are 55.66%, 43.68%, and 33.33%, re spec tively, more than the con ven tional still. · The use of peb bles in the ba sin with wicks in creased the pro duc tiv ity by 17%. · Max i mum wa ter pro duc tion is 2405 ml/m 2 per day for the still with black cot ton cloth and peb bles. · The stills with a min i mum mass of wa ter yielded higher pro duc tiv ity. 
